ABSTRACT The thickness of the media of pulmonary veins and arteries was morphometrically assessed in 12 normal adults resident at altitudes over 3000 m and 12 resident at sea level. The pulmonary veins in the latter group were very thin walled. The average thickness of the pulmonary venous media in the group of highlanders was significantly thicker but this appeared to be due to prominent medial hypertrophy in seven individuals, five others having normal or near-normal pulmonary veins. In six of the 12 highlanders bundles of longitudinal smooth muscle cells occurred in the venous intima. There was close correlation between the thickness of the venous and that of the arterial media, suggesting an individual reactivity with a simultaneous response of all pulmonary vascular smooth muscle to high-altitude hypoxia. Hypertrophy of the media of pulmonary veins is likely to be an expression of venoconstriction and narrowing of the venous lumen may be enhanced by the development of longitudinal smooth muscle cells in the intima. Possibly venoconstriction is one of the factors responsible for high-altitude pulmonary oedema.
The effect of hypoxia resulting from low barometric pressures at high altitude on the muscular pulmonary arteries is well known. Many reports have shown that in residents of regions above 3000 m the small pulmonary arteries often show medial hypertrophy with muscularisation of normally non-muscular arterioles, while the larger muscular arteries are hardly or not at all affected.' 23 Moreover, the development of bundles or layers of longitudinal smooth muscle cells within the intima of these small arteries is a characteristic feature. In fact, these lesions are not limited to high-altitude residents but are also observed in other states of hypoxia such as chronic bronchitis.
The pulmonary veins and venules in similar conditions have received much less attention, although occasional studies4 have shown that they are not exempt from the effect of hypoxia. So far pulmonary veins have rarely been subjected to morphometric analysis. One reason is that the thinness of the walls of veins often results in their collapse, producing an irregular circumference in the histological sections that makes measurements unreliable.
In the present study we avoided this difficulty by selecting only those pulmonary veins .and venules that had a circular or oval cross-section in the histological sections.
The aim of this study was to provide a more reliable evaluation of the pulmonary venous response to hypoxia by comparing lung tissue of high-altitude residents with that of individuals born and living at sea level.
Methods
Lung tissue from 12 high-altitude residents and from 12 living at sea level was used. All were within the age group 20-50 years. All the subjects died from causes unrelated to heart or lung disease, nearly all being accident victims. Heart and lungs at necropsy were normal, except for a varying degree of right ventricular hypertrophy in the high-altitude group. 
Results
The results of the morphometric analysis of the pulmonary veins are shown in the table. In the sea-level group the media was thin and the average medial thickness (2 6%) showed little variation, with a range from 2-1% to 3 1% of the external diameter. There were no differences between veins in the upper and lower lobes. There was a very slight but constant increase in medial thickness with age ( fig 1) . By the use of linear regression, a straight line was fitted relating the medial thickness of the veins in the total lung (v) to the age of the individuals (a), giving the equation v = 0'024 a + 1-74; the correlation coefficient r = 0.81 (p < 0 01). The regression coefficient (0 024) differs from zero at the 1% level of significance (Student's t test). Minimal-to-mild intimal fibrosis was occasionally present in pulmonary veins, particularly in the older individuals, but longitudinal smooth muscle bundles or layers were never observed. The pulmonary arteries in the sea-level group were thin walled. The average medial thickness was 4-7% of the external arterial diameter, with a range from 3-6% to 5.5%. 3-8+09 39±1-2 39±10 6-3±1-9 *The highlanders were from Leadville, Colorado (a). and the Andes of Bolivia (b) and Peru (c).
In the high-altitude group the pulmonary venous media showed a much greater variation in thickness than in the sea-level residents. (3-9-5 7% Hypoxia produces vasoconstriction and subsequently medial hypertrophy in small muscular pulmonary arteries as well as the development of bundles of longitudinal smooth muscle in their intima. These changes may occur in any state of hypoxia-for instance, in patients with chronic bronchitis, the Pickwickian syndrome, or kyphoscoliosis as well as in otherwise normal individuals who experience the hypoxia of high altitudes. 2 5 Clearly there is individual variation in the extent of the reaction of the pulmonary vascular bed to high-altitude hypoxia. This applies to cattle6 as well as to people.7 In an earlier study2 we found that some highlanders had an increased medial thickness in their pulmonary arteries, while others had normal arteries.
Haemodynamic studies in cattle have suggested that hypoxia may also cause constriction of pulmonary veins.8 Naeye" reported an increase in smooth muscle in the media of pulmonary veins of cattle at high altitude.
Dingemans and Wagenvoort1l reported very prominent changes not only in pulmonary arteries but also in pulmonary veins in rats exposed to hypoxia. We observed not only medial hypertrophy but also longitudinal smooth muscle bundles in the intima of pulmonary veins in patients suffering from chronic bronchitis and Our present study, in which morphometry was applied to pulmonary veins of highlanders and sea-level residents, shows that the average medial thickness of the veins is significantly greater in the former group. The medial thickness, however, varies greatly: in some cases it is greatly increased but in others it is within normal limits.
This may explain why Heath and associates' found no venous alterations in their cases, although evaluation without morphometric methods is not reliable. Intimal smooth muscle in the intima, found in six cases, was generally associated with a thick media.
These findings support the assumption that pulmonary venous constriction occurs in response to high-altitude hypoxia as well as indicating individual variation in reactivity. Here we would emphasise the significant correlation between the thickness of the media in pulmonary veins and pulmonary arteries in individual cases: apparently the vascular smooth muscle of veins and arteries generally reacts in the same way and to the same extent.
If we may assume that increase of pulmonary venous smooth muscle is an expression of venous constriction, then our results may throw light on high-altitude pulmonary oedema. The pathogenesis of this condition is obscure, and probably various factors contribute to its development. 12 13 One factor is almost certainly genetic.
There is individual variation in proneness to high-altitude pulmonary oedema and the same individuals may be repeatedly affected by it.
12 Most patients suffering from this condition have been young people who were otherwise healthy.
It is tempting to suggest that our findings of a concomitant increase of medial smooth muscle in veins and arteries may be associated with such an individual hyperreactivity of lung vessels, since in some cases the 934 9 group.bmj.com on June 13, 2017 -Published by http://thorax.bmj.com/ Downloaded from P n111o1n r' lavi/l.s ill 11i,l11-(altitI(Ie rC.S'i(/('nlt%:. a IlOO1lIorphomtric %It(/ldl3 medial thickness of the vessels is appreciably increased while in others it is entirely within normal limits.
The suggestion that venoconstriction may be found among the factors concerned in the mechanism of high-altitude pulmonary oedema has been proposed before. 14 It usually has been dismissed, however, because the wedge pressure in high-altitude pulmonary hypertension is normal. 15 16 These patients, however, were generally given oxygen or transported to lower altitudes before cardiac catheterisation was performed, and this may have produced dilatation of previously constricted vessels. Moreover, in pulmonary veno-occlusive disease the wedge pressure is often normal, although there is little doubt that the small pulmonary veins are narrowed.
If narrowing or obstruction of small pulmonary veins by constriction or by contraction of longitudinal smooth muscle bundles plays a part in the origin of high-altitude pulmonary oedema, we might expect that those individuals with a greater-than-normal amount of smooth muscle in their veins would be particularly susceptible. The extremely thin pulmonary venous media of most people living at sea level is unlikely to react vigorously to hypoxia soon after arrival at high altitude. Perhaps significantly, high-altitude pulmonary oedema occurs particularly frequently in highland residents who spend some time at sea level and then return to their mountainous homeland. They could well have temporarily lost their acclimatisation while still retaining their excess pulmonary venous muscle.
